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(54) Electronic component package using cap wafer and method therefore 



(57) A component (1 0) includes a substrate (1 5), a 
cap wafer (23), and a protection layer (28) formed over 
a surface of the cap wafer (23). Together, the protection 
layer (28) and the cap wafer (23) form a cap structure 
(39) that is bonded to the substrate (15) via a bonding 
layer (33). An opening (47) is formed In the cap wafer 



(23) by etching the cap wafer (23). The protection layer 
(28) provides protection during etching of the cap wafer 
(23) for the underlying bonding layer (33) and devices 
(11 ,12) formed in the substrate (15). 
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Description 

Field of the Invention 

[0001] The present invention relates, in general, to 
electronic components and, more particularly, to protec- 
tion of electronic devices using cap wafers. 

Background of the Invention 

[0002] Due to their size, devices such as microelec- 
tronic sensors and integrated circuits are vulnerable to 
damage from handling, small particles, and moisture. 
Micromachined devices are typically placed in an enclo- 
sure to protect them during operation. One prior art 
component includes a cap wafer bonded to a semicon- 
ductor substrate for enclosing and hermetically sealing 
an electronic sensor from the environment Holes are 
formed in the cap wafer prior to bonding the cap wafer 
to the substrate. Holes in the cap wafer provide for elec- 
trically connecting the sensor to external circuitry. 
[0003] The holes in the cap wafer may weaken the 
mechank^at structural reliability of the cap wafer. One 
solution to this problem is to increase the thickness of 
the cap wafer so that the structural integrity of the cap 
wafer is improved. However, increasing the thk^kness of 
the cap wafer also increases the size and cost of the 
microelectronic devbe. 

[0004] Accordingly, it would be advantageous to 
have a component that provides protection to microma- 
chined devices therein during operation. It would be of 
further advantage for the component to be size and cbst 
efTtclent in addition, it would be advantageous to have a 
method for manufacturing the component that is com- 
patible with standard semkx>nductor processes. 

Brief Description of the Drawings 

[0005] 

FIG. 1 is a cross-sectional view of a portion of a 

component during processing in accordance with 

an emt)odiment of the present invention; 

FIG. 2 is a cross-sectional view of the component of 

FIG, 1 at a later stage of processing; and 

FIG. 3 is a cross-sectional view of the component of 

FIG. 2 at an even later stage of processing. 

Detailed Description of the Drawings 

[0006] FIG- 1 is a cross-sectional view of a portion 
of a component 10 during processing in accordance 
with the present invention. In this embodiment, compo- 
nent 10 is a semiconductor component that includes 
devices 1 1 and 12fomned in a substrate 15. Component 
1 0 further includes conductive traces 1 3 and 1 4 formed 
on a surface 21 of substrate 15. Substrate 15 comprises 
a semiconductor material such as, for example, silicon. 



Devices 11 and 12 can be integrated circuitss. .or 
micromachined transducers such as*^ressure sensors' 
or accelerometers. Although devices 11 and 12 are 
shown formed in substrate 15, this is not a limitation of 

5 the present invention. Devices 11 and 12 can also be 
fomied on suriace 21 of substrate 15. 
[0007] Conductwe traces 13 and 14 are formed by 
disposing a layer of electrically conductive rhaterial on 
surface 21 and patterning this conductive material using 

10 photolithographic and etch techniques. For example, 
conductive traces 13 and 14 may be fonned by coating 
the electrically conductive material with a layer of pho- 
toresist (not shown), exposing the portions of the eleo- 
trbally conductive material to be removed (using, for 

15 example, photolithographic techniques), and etching 
the exposed portions of the electrically conductive 
material. Suitable conductive materials for conductive 
traces 13 and 14 include copper, aluminum, copper 
alloys, aluminum alloys, or the like. 

20 [0008] Component 1 0 includes a cap wafer 23 hav- 
ing a top surface 26 and a bottom surface 27. Cap wafer 
23 comprises a semiconductor material such as. for 
example, silicon. Other suitable materials for cap wafer 
23 include glass, quartz, polymer, or metal. A suitable 

25 range of thicknesses for cap wafer 23 is between 
approximately 50 microns and approximately 600 
mk:rons. 

[0009] A protectton layer 28 is disposed or grown on 
bottom surface 27 of cap wafer 23. Protection layer 28 

30 has a top suriace 30 and a bottom surface 31, wherein 
top surface 30 of protection layer 28 contacts bottom 
surface 27 of cap wafer ?3. Preferably, protection layer 
28 has a thickness ranging frorn approxirriately 0.2 
mfcrons to approximately 2 microns, together, cap 

35 wafer 23 and protection layer 28 form a cap structure 
39. Suitable materials for protection layer 28 include 
oxide or nitride. 

[0010] Etch ma^ks 41 and 42 are disposed on top 
surface 26 of cap wafer 23. Masks 41 and 42 are ^mied 

40 by disposing a layer of metal such as, for example, alu- 
minum on top surfiace 26 of cap wafer 23 and pattering 
this metal layer using photolithographic and etch tech- 
nk^ues: In addition to serving as masks during a subse- 
quent etchirig step, ma£iics 41 and 42 also provide 

45 electrical shielding for devices 1 1 arid 12. Masks 41 and 
42 are also referred to as masking layers and are pref- 
erably positioned over devices 1 1 and 12, respectively. 
[0011] Cap structure 39 is bonded to substrate 15 
using a layer of bonding material 33 to fomi cavities 36 

50 and 37. By way of example, bonding material 33 is frit 
glass that is d'^posed on a portion of bottom suriace 31 
of layer 28 by screen printing. The frit glass, which is 
also referred to as a powder glass, is a mixture of glass 
particles dispersed in an organic binder or solvent After 

55 screen printing, the frit glass is heated to volatilize the 
organic binder or solvent Cap structure 39 containing 
the frit glass is then placed in contact with surface 21 of 
substrate 15. tHeat is applied and the frit glass then 
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enamels or flows to bond cap structure 39 to substrate 
15 and provide cavities 36 and 37. After cap structure 
39 is bonded to substrate 15, devices 11 and 12 are 
henmetically sealed within cavities 36 and 37, respec- 
tively. Bonding material 33, a portion of protection layer 
28, and a portion of substrate 15 form walls of the her- 
metically sealed cavities 36 and 37. Although bonding 
material 33 is described as frit glass, this is not a limita- 
tion of the present invention. Bonding material 33 can 
also comprise gold, metal, or alkali glass. Further, other 
types of bonding processes can be employed to bond 
cap structure 39 to substrate 15. For example, anodic, 
eutectic, or thermocompression bonding can be 
employed for bonding cap structure 39 to substrate 1 5. 
[0012] It should be noted that although the embodi- 
ment discussed herein is a semiconductor device, this is 
not a limitation of the present invention. The present 
invention can be applied to other applications such as 
applications using biosensors, wherein the biosensors 
are protected using a cap material. In these other appli- 
cations, substrate 1 5 can be comprised of other materi- 
als such as glass, quartz, metal, etc. Preferably, cap 
wafer 23 and substrate 15 are fonmed of materials hav- 
ing substantially the same coefficients of themnal 
expansion. 

[0013] FIG. 2 is a cross-sectional view of compo- 
nent 10 at a later stage of processing. It should be 
understood that the same reference numerals are used 
in the figures to denote the same elements. FIG. 2 
shows component 10 after removal of portions of cap 
wafer 23. 

[0014] A wet etch solution comprising an etchant 
such as, for example, tetramethylammonium hydroxide 
(TMAH) is utilized to etch cap wafer 23. Portions of cap 
wafer 23 not covered by masks 41 and 42 are removed 
during etching. The wet etch solution does not affect 
protection layer 28, which functions as an etch stop. In 
the embodiment shown in FIG. 2, bonding layer 33 is frit 
glass whteh can be damaged by a wet etch solution 
comprising TMAH. Protection layer 28 serves as an 
etch stop layer for protecting bonding layer 33 during 
etching of cap wafer 23. Preferably, protection layer 28 
comprises a material that is r^istant to a wet etch solu- 
tion comprising TMAH. Suitable materials for protection 
layer 28 include oxide or nitride. 
[001 5] FIG. 3 is a cross-sectional view of compo- 
nent 10 at an even later stage of processing. FIG. 3 
shows componept 10 after removal of portions of pro- 
tection layer 28: 

[001 6] Openings 46. 47, and 48 can also be formed 
using a dry etch process such as a Reactive Ion Etch 
(RIE) or a Deep Reactive Ion Etch (DRIE) with either a 
chlorine or fluorine based chemistry. The portions of 
protection layer 28 underiying nfiasks 41 and 42 are not 
removed during the dry etch process. The diameter of 
opening 47 can range between approximately 500 
microns and 2000 microns. Opening 47 provides for 
electrical connection to conductive traces 13 and 14. 



For example, bond wires (not shown) may be coupled to 
conductive traces 13 and 14 IRrough opening" 47? 
Although not shown, conductive traces 13 and 14 can 
be used to electrically couple devices 1 1 and 1 2 to other 

5 portions of component 10. 

[0017] As discussed hereinbefore, protection layer 
28 is disposed on bottom surface 27 of cap wafer 23 to 
provide protection for bonding layer 33, which can be 
damaged during a chemical wet etch. Alternatively, 

10 component 1 0 can be foVrtied^ithout protection layer 
28 and openings 46, 47, and 48 can be formed using a 
single etching step. For example, if protection layer 28 is 
omitted, then cap wafer 23 can be etohed using a single 
etching step that includes using either an appropriate 

15 wet etch or dry etch process. When protection layer 28 
is not included in component 1 0, bonding layer 33 is dis- 
posed on a portion of bottom surface 27 of cap wafer 23 
and cap wafer 23 is bonded to substrate 15 via bonding 
layer 33. Cavities 36 and 37 are formed by cap wafer 23, 

20 bonding layer 33, and substrate 15. 

[0018] It should be noted that cavities 36 and 37 are 
not necessary in all cases. For example, bonding layer 
33 can sunround and contact devk;es 1 1 and 12. 
[0019] Because openings 46, 47, and 48 are 

25 fomned after cap structure 39 and substrate 15 are 
bonded together, cap wafer 23 can be a relatively thin 
wafer, thereby decreasing the overall stack thickness of 
component 10. For example, cap wafer 23, which is 
comprised of silicon, can have a thickness of less than 

30 approximately 50 microns. Prior art silicon cap wafers 
typically have thicknesses of greater than 375 microns. 
Further, forming openings 46, 47, and 48 after cap 
wafer 23 is bonded to substrate 15 simplifies the layout 
and manufacturing of component 1 0. 

35 [0020] By now it should be appreciated that a com- 
ponent and method for manufacturing the component is 
provided. The present invention provides a component 
that provides for protection of its elements during oper- 
ation. The method of the present invention is compatible 

40 with standard semiconductor processes including 
CMOS processes. Further, the method reduces the 
number of processing steps for manufacturing a compo- 
nent having a cap wafer. 

45 Clainris 

1 . A component (1 0), comprising: 

a substrate (15) having a device (1 1) thereon; 

50 a bonding layer (33) disposed on a portion of a 

surface of the substrate: 
a cap wafer (23) over the substrate; and 
a protection: layer (28) having a first surfetce 
(30) and. a second surface (31), wherein ttie 

55 first surface of the protection layer contacts a 

first surface of the cap wafer and the second 
surface of the protection layer is bonded to the 
surface of the substrate via the bonding layer 
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and wherein the protection layer, the bonding 
layer, and the substrate form a cavity that 
encloses the device. 

2. The component of claim 1 , further including a con- 
ductive layer (1 3) fomn^d on the surlace of the sub- 
strate and wherein the cap wafer has an opening 
(47) formed over the conductive layer after the 
bonding layer is disposed on the protection layer. 

3. The component of claim 1, njrther Including a 
masking layer (41 ) formed on a portion of a second 
surfoce of the cap wafer that is over the device. 

4. The component of claim 1, wherein the bonding 
layer (33) comprises frit glass. 

5. A method for manufacturing a component, compris- 
ing the steps of: 

providing a cap wafer (23); 

disposing a protection layer (28) over a first 

surface (30) of the cap wafer, wherein a first 

surface of the protection layer is bonded to the 

first surface of the cap wafer; 

disposing a bonding layer (33) over a portion of 

a second surface (31 ) of the protection layer; 

bonding the second surface of the protection 

layer to a surface of a substrate via the bonding 

layer; and 

forming an opening (47) in the cap wafer after 
the step of disposing the bonding layer. 

6. The method of claim 5, wherein a micromachined 
device (11) in the substrate is enclosed within a 
cavity fornied by the bonding layer (33), the protec- 
tion layer (28), and the substrate (15). 

7. The method of claim 5, wherein the step of forming 
the opening (47) includes etching the cap wafer 
(23) using a wet etch solution, wherein the protec- 
tion layer (28) is formed of a material that is resist- 
ant to the wet etch solution so that the protection 
layer serves as an etch stop layer for protecting the 
bonding layer (33) during etching of the cap wafer. 

8. The method of claim 7, further Including the step of 
disposing a masldng layer (41) over a portion of a 
second surface of the cap wafer, wherein portions 
of the cap wafer not covered by the masking layer 
are removed during etching of the cap wafer. 

9. The method of claim 5, wherein the bonding layer 
(33) comprises frit glass, the cap wafer (23) com- 
prises silicon, the substrate (15) comprises silicon, 
and the protection layer (28) comprises oxide or 
nitride. 



10. The method of claim 5, further including the step .of 
disposing a conductive layer (iSfover the surface 
of the substrate, wherein the opening (47) provides 
for electrical connection to the conductive layer. 
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